diagram in terms of adjusting for age and different body segments; however, even when these diagrams are used, overestimation is possible. 2, 6, 10, 11, 13 Berry et al 6 noted that physicians will often adjust for the known error in TBSA burned estimations by arbitrarily increasing the TBSA burned. In addition, an error inherent to estimating burn size using diagrams is the human factor of transferring burns from what is observed on the patient to a diagram. This is known as the "look then draw" technique. The subjective nature of this assessment leads to inaccurate estimations, especially in burns covering a large amount of disjointed and scattered areas and in burns that occur over larger sections of the body such as the torso. 5, 6, 10, 11, 14 Therefore, human error is difficult to avoid in burn size estimation.
To date, no studies have been undertaken to compare burn size estimations obtained with threedimensional (3D) computer-aided software with those obtained with standard-of-care methods. The present study was conducted to compare currently used paper Lund and Browder diagrams with a computer-aided program, BurnCase 3D (RISC Software GmbH, Hagenberg, Austria), which relies on clinical patient photographs.
METHODS

Burned Subjects
Nineteen burned patients with an estimated TBSA burned of more than 20% were analyzed. Children were admitted to Shriners Hospital for Children and adults were admitted to the University of Texas Medical Branch in Galveston, Texas, from July 2012 to September 2013 for treatment. This research project was performed under a University of Texas Medical Branch Institutional Review Board-approved protocol.
Subjects and Clinical Care
All subjects were admitted to their respective burn units directly from the scene of injury or from a referring hospital, and they were treated in a similar manner by a team of three burn surgeons. Standard treatment included early excision of third-degree burn wounds, receipt of systemic antibiotics, and continuous enteral feeding. Full-thickness burns were excised and covered with grafts within 48 hours of admission. Full-thickness burns were estimated based on color, presence of hair follicles, blanching, and surrounding skin color. The final estimations of percent TBSA full-thickness burns were determined during surgery, when the burn could be completely excised down to healthy tissue and burn depth could be determined. Patients returned to the operating room as donor sites healed and for reharvesting of homografts (between 6 and 10 days). Additional surgical procedures for excision and grafting were performed until all wounds were covered and healed.
Study Design
At admission, a Lund and Browder diagram was completed by a resident or clinical fellow based on visual assessment of the wound, color of the wound and surrounding tissue, presence of hair follicles, and blanching. This preoperative burn diagram was used to estimate size of the burn wound. During the patient's first surgery, a resident or clinical fellow examined the extent of the thermal injury and then completed a paper Lund and Browder postoperative diagram, with areas of partial-thickness and fullthickness burns being documented. The diagrams became a part of the patient's medical record.
Estimation of burn size and depth with BurnCase 3D (RISC Software GmbH, Hagenberg, Austria) was performed by a nonmedical person, who collected digital photographs before the patient's first surgery and imported these photographs into BurnCase 3D. This nonmedical person, a Research Associate I, had a bachelor's degree in biological sciences and had no computer background. BurnCase 3D was first developed in 2001 with the help of burn surgeons and has been used clinically in Europe since 2005. The 3D model consists of more than 100,000 triangles that, when summed, equal 100% of the BSA. The burned area marked by the user is the sum of the marked triangles, which is expressed as a percentage of the TBSA.
Photographs were superimposed over a 3D diagram matching the patient's characteristics including height, weight, gender, age, and overall build (normal or corpulent) as demonstrated in Figure 1 . The burns were then traced from the picture onto the 3D diagram. Each diagnosis type was made with a distinguishing color and pattern (i.e., a partial-thickness flame burn was designated by light blue diagonal lines while a full-thickness flame burn was noted by red hatch markings). It should be noted that the distinction between partial-and full-thickness burns was made by the user. The computer program calculated the percent partial-thickness, full-thickness, and total burn size based on the tracing. A clinical fellow approved each 3D diagram, which was completed by an individual with no medical training.
To address possible concerns regarding the accuracy of residents and clinical fellows (more than 5 years of clinical surgical experience) in estimating the percent burn, we conducted a substudy to compare their ratings with those of faculty burn physicians. Blank Lund and Browder diagrams were given to three faculty burn physicians. Each faculty physician was given the age and photographs of the patients. No other names or identifying information were provided. The faculty physicians completed the burn diagrams for each patient based on the photographs.
Data Analysis
Data sets from postoperative Lund and Browder diagrams and BurnCase 3D were entered into Microsoft Excel 2010 (Microsoft, Richmond, VA) for each of the 19 patients. A two-tailed t-test was performed to compare ratings obtained using postoperative Lund and Browder diagrams and BurnCase 3D for each patient's partial-thickness burn, full-thickness burn, and TBSA burned. P < .05 was considered significant.
The difference between the percent partial-thickness burn estimated using the Lund and Browder diagram and BurnCase 3D was determined for each patient. As we wanted to demonstrate a more accurate difference in the percent burn marked using these two methods, we took the absolute value of the differences. The absolute differences were averaged, and SDs were calculated. This was repeated for both percent full-thickness burned and percent TBSA burned.
The estimates of partial-thickness, full-thickness, and TBSA burned given by the three faculty physicians were averaged for each patient. A two-tailed t-test was performed on these averaged estimations provided by faculty and those calculated by BurnCase 3D. These methods were repeated to compare estimations made by residents/clinical fellows and faculty.
RESULTS
This study included 19 burned patients who were predominately Hispanic men ( Table 1 ). The average patient age was 23 years (range, 16 months to 49 years). Most subjects sustained a flame burn. According to resident-and clinical fellow-completed Lund and Browder diagrams, the average TBSA burned was 55% and the average area with full-thickness burns was 32% (Table 2 ). According to BurnCase 3D, the average TBSA burned was 50%, with full-thickness burns covering 43% of the TBSA (Table 2 ). Significant differences in estimations derived from diagrams and BurnCase 3D were noted for TBSA burned (P = .012), partial-thickness burns (P = .006), and full-thickness burns (P = .044).
For each patient, the areas marked as partialthickness burns differed between Lund and Browder diagrams and BurnCase 3D. Similar differences were noted for full-thickness burns and TBSA burned. We observed an average 15% overestimation of partialthickness burns, 11% underestimation of full-thickness burns, and 4% overestimation of TBSA burned ( Figure 2) .
To determine the true extent of error between the Lund and Brower diagram and BurnCase 3D, we analyzed the absolute values of differences. Using this approach, we found that the extent of the incorrectly marked burn area was 18% for partial-thickness burns, 17% for full-thickness burns, and 6% for the TBSA burned (Figure 3) .
When comparing burn sizes estimated by faculty and BurnCase 3D, we found that the percent partial-thickness burned, full-thickness burned, and TBSA burned were similar. The average difference in the percent burned area marked on faculty Lund and Browder diagrams and BurnCase 3D was 1%. No differences were detected between each physician's estimation, demonstrating that this method has minimal subjectivity. The absence of significant differences between BurnCase 3D and physiciancompleted Lund and Browder diagrams supports the idea that the use of BurnCase 3D by a nonphysician yields burns size estimations that are as accurate as those derived from physician-completed diagrams. On the other hand, a comparison of faculty estimations with those of residents and clinical fellows revealed differences for partial-thickness burns (P = .004) and full-thickness burns (P = .037).
DISCUSSION
The accuracy of the initial burn diagram is important because the resulting burn size estimate is used not only for initial assessment and treatment but also throughout the patient's hospitalization as a baseline to assess the progress of wound healing. 3, 10 Thus, initial diagrams are important for estimating chance of survival and cost of hospitalization as well as predicting length of hospital stay. 11, [15] [16] [17] An accurate calculation of burn size is needed for implementing an individualized treatment plan, identifying surgical needs, and determining fluid and daily caloric goals through discharge and even after.
1,2,4,13 Our results show that percent TBSA burned estimated by residents or clinical fellows using Lund and Browder diagrams is inaccurate although estimations performed by faculty using the same technique are not significantly different to estimations derived from BurnCase 3D. The cascading effect that results from improved documentation of the burned area may lead to better patient care, outcome predictors, and research possibilities.
We believe that BurnCase 3D, used by a nonmedical person, is less subjective and subsequently more accurate than the documentation of burns on paper diagrams by a nonfaculty burn physician. This is because one must trace the burn directly from a photograph onto the diagram, rather than trying to replicate what is observed from the patient onto a diagram. Wachtel et al 10 suggested recruitment of a medical artist trained with the knowledge of an experienced burn surgeon. However, we believe that using a computer program that allows the user to trace the burn area and that calculates the percent burn is a more feasible alternative. 11, 18 Computerized 3D models such as BurnCase 3D have been shown to have positive results and be more objective than current methods. 5, 11, 14, 19 Therefore, we chose to compare the standard practice of drawing burned areas on a paper diagram to a more technically accurate approach involving tracing burns from photographs onto a 3D computerized diagram. It is important to point out that BurnCase 3D does not need to be used by a burn specialist; it can also be used by medical students or even research associates. However, for the assessment of burn depth, a trained physician's assistance is recommended. An additional advantage of BurnCase 3D is that it can be adapted to different body types by adjusting parameters such as height, weight, age, gender, and overall build (normal or corpulent). These adjustments may increase accuracy of burn size estimations 19 although further investigation is warranted.
In 1957, Artz and Reiss stated "overestimation is common[ly]" observed on burn diagrams, and more than 50 years later the problem remains. 6, 10, 11, 20 The standard method for documenting TBSA burned on 2D burn diagrams is antiquated in today's technological era. 10, 19 Inaccurate estimation is due to the nature of translating what is seen on a 3D person to a 2D paper diagram, coupled with perception and human factor. 11, 14, 18, 19, 21 Therefore, updating a 70-year-old method of documentation (i.e., Lund and Browder diagram) to something more fitting in the current age of technology is reasonable. 13 Other common methods of estimating burn size that often lead to overestimation are use of the patient's hand to represent 1% TBSA and the rule of nines. 12, 22 Some descriptions of using the patient's hand to represent 1% of the TBSA include the fingers, whereas others exclude the fingers; these inconsistent methods of measurement are problematic. 23 The rule of nines is often used as a quick estimation, but it only accommodates average-sized adults and children over 9 years of age. 1, 3, 8, 12 Several studies have shown that the use of the rule of nines also leads to an overestimation of burn size. 10, 24 Thus, none of these methods are without error.
In 1944, Lund and Browder noted that the "proportionate area [of skin burned] has now become of even greater importance as a guide to treatment." 13 Accordingly, the search for the best method of documenting TBSA burned should be ongoing to create the most accurate and individualized treatment plan for burned patients. In 1983, Wachtel and Fortune 4 noted "[c]omputer programs often allow more precise resuscitation because they make frequent reassessment possible." Technology has improved over time, and with these improvements come better methods of documentation (i.e., implementation of electronic medical records although documenting burn diagrams electronically has yet to become standard).
The results regarding estimates by the residents and clinical fellows duplicate those found in several other studies. That is, a general overestimation of the percent burn is common. 11, 25 The amount of error described in this study is significant and can affect already critically ill burn patients. [5] [6] [7] Several studies have demonstrated that computerized 3D programs are the most accurate method for analyzing a 3D object. 18, 21, 26 Computerized systems are based on mathematical formulas and empirical data, and they lack a human element and subjectivity. BurnCase 3D allows for patient assessments to be objective and reproducible. Ultimately, better methods of documentation can provide information to improve patient care.
There is a learning curve with the initial use of any computer program. BurnCase 3D is no exception although the user becomes more proficient with time. Thus, practicability of implementation may be an issue as an adequate amount of time is required to produce an accurate burn diagram using BurnCase 3D; however, this is true with any method of documentation. 5 Because it is important to initiate the resuscitation process quickly, an initial burn diagram should be made without pictures as a guideline. A more thorough diagram created with superimposed photographs should then follow. An additional limitation is cost, as purchasing the software and camera could be rather expensive. Other limitations include the use of photographs to assess burn depth. Boccara et al 15 found that photographs could be used to assess the burn depth accurately more than three quarters of the time; the most common error was overestimation of full-thickness burns. A limitation of this study is the small number of patients. However, because individual patient results were comparable with those of the entire group, we have confidence in our findings. This study was undertaken to obtain preliminary data for further clinical trials, which will validate the method among different burn care providers and characterize the training and time needed for the accurate use of BurnCase 3D.
Our results indicate that sizes of partial-thickness burns, full-thickness burns, and TBSA burns were substantially different between BurnCase 3D and resident-and clinical fellow-completed diagrams. There appeared to be a tendency to overestimate partial-thickness burns and underestimate fullthickness burns. It should be noted that estimated burn size was used in combination with other factors such as vital signs, urine output, acidosis, and pulmonary edema, to guide resuscitation, and all patients received optimal care. Nevertheless, the underestimation of full-thickness burns can be detrimental, affecting one's ability to assess surgical needs, determine skin substitute requirements, and predict blood loss.
In summary, it is necessary to point out that the BurnCase 3D software needs to be validated for accuracy and reliability. As a future direction, this validation can be done assessing the test-retest reliability of single raters and also by comparing the results of several raters using interrater correlations. Furthermore, additional studies are mandatory to analyze how experience impacts the burn size calculations performed either by residents or other burn care providers. This can be done comparing residents and faculty ratings using the same 3D software, or by comparing the ratings performed with 2D Lund and Browder diagrams, considered to be standard of care at our institution. BurnCase 3D has to be validated to be compared in further studies to additional The results of this current study show that, with a greater degree of experience, a more accurate estimation of injury is possible. Wachtel et al 10 showed that those with less than 1 year or greater than 2 years of burn experience had the least variability in burn size estimations. Here, diagrams completed by faculty, but not by residents and clinical fellows, were comparable to BurnCase 3D diagrams. At our institution, residents and clinical fellows commonly complete the Lund and Browder diagram, which is then used to obtain a baseline measurement and is included in the patient's chart. Therefore, BurnCase 3D could be used by all levels of providers to obtain a burn size estimate as accurate as those provided by an experienced physician.
